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Introduction: Hepatocellular carcinoma (HCC) is one of the most common cancer in the world, and the effec-
tiveness of its treatment lies in its detection in its early stages. The aim of this study is to mimic HCC dynamically
through a liver phantom and apply it in multimodality medical imaging techniques including magnetic reso-

I(-}I”l(":C nance imaging (MRI), computed tomography (CT), and ultrasound.
MRI Methods and materials: The phantom is fabricated with two main parts, liver parenchyma and HCC inserts. The

liver parenchyma was fabricated by adding 2.5 wt% of agarose powder combined with 2.6 wt% of wax powder
while the basic material for the HCC samples was made from polyurethane solution combined with 5wt%
glycerol. Three HCC samples were inserted into the parenchyma by using three cylinders implanted inside the
liver parenchyma. An automatic injector is attached to the input side of the cylinders and a suction device
connected to the output side of the cylinders. After the phantom was prepared, the contrast materials were
injected into the phantom and imaged using MRI, CT, and ultrasound.

Results: Both HCC samples and liver parenchyma were clearly distinguished using the three imaging modalities:
MRI, CT, and ultrasound. Doppler ultrasound was also applied through the HCC samples and the flow pattern was
observed through the samples.

Conclusion: A multimodal dynamic liver phantom, with HCC tumor models have been fabricated. This phantom

helps to improve and develop different methods for detecting HCC in its early stages.

1. Introduction

Differentiating between normal and pathological tissues is the basis
for medical imaging modalities. Medical imaging technology is best if it
is able to detect the difference between these tissues during the different
stages of a disease. One of the most important diseases to be detected in
its early stages is hepatocellular carcinoma (HCC).

HCC is the most common type of primary liver cancer, and is the
most common cause of death among different cancers after lung cancer
[1-3]. This cancer can be diagnosed using various modalities including
ultrasound [4], computed tomography (CT) [5,6], and magnetic reso-
nance imaging (MRI) [7,8]. The ability of these modalities to diagnose
HCC is differentiated in its different stages where MRI is the best mo-
dality in diagnosing this disease. However, all three modalities suffer
from limitations of detection of HCC in its early stages [9-11].
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In clinical practices, the detection of HCC in early-stage cancer is one
of the greatest challenges facing radiologists. Through this scenario, we
need an alternative to human tissue to facilitate the development of
imaging systems in the early detection of HCC instead of conducting
clinical trials directly on patients. A dynamic liver phantom can be used
as one of the alternatives to achieving this goal. This phantom should
include liver parenchyma and locations of HCC samples within this
parenchyma.

Liver phantoms are commercially available and have been described
in the literature. There are many companies providing training models
and image-guided navigation technology in commercial liver phantoms.
One of these companies is Computerized Imaging Reference Systems,
Incorporated (CIRS) a manufacturer of tissue equivalent phantoms and
simulators for medical imaging, radiation therapy and procedural
training for tissue simulation and phantom technology [12]. It supplies
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Fig. 1. The liver phantom mold; (a): Anterior surface; (b): Posterior surface.

the Triple Modality 3D Abdominal Phantom. Another company supplies
the IOUSFAN® phantom [13] which provides a representation of upper
abdominal organs (Kyoto Kagaku Co., Ltd, Kyoto, Japan), whilst another
company, QRM GmbH supplies another version of a
semi-anthropomorphic liver phantom (QRM-Abdomen Phantom, QRM
GmbH, Mohrendorf, Germany) which can be used in CT for the exami-
nation of low contrast details in the liver region [14]. These companies
supply phantoms with a realistic appearance and provide tumor models
with blood vessel structures.

The liver phantom can be made using several different tissue-
mimicking materials that are compatible with the imaging modalities
[15]. Most of the liver phantoms were developed for applications in CT
imaging [16-23], while far less phantoms were intended for MRI
[24-26] and ultrasound [27-30]. However, multimodal liver phantoms
which can be applied under different medical imaging modalities
including MRI, CT, and ultrasound are still less developed [12,24,31].

The most common substances used for liver phantom fabrication are
polyacrylamide (PAA), carrageenan, polysaccharide, agar, agarose [24,
271, polyvinyl alcohol (PVA) [32], polyurethane [31], gelatin [33,34]
and silicone, commercial rigid plastics [35], and elastomeric (rubber--
like) materials [36].

There are quite a number of liver phantoms proposed and described
in the scientific literature or available in the market which describes the
blood vessel structures, model tumors [24,27,31], and provide blood
flow functionality [31]. However, none of them provideflow function-
ality through tumors like HCC. This study aims to fabricate a phantom
which simulates both the liver parenchyma of a real human, and HCC in
its typical pattern, to produce realistic images through medical imaging
modalities including MRI, CT, and ultrasound. The phantom must be
prepared with the ability to alter HCC samples without affecting liver
parenchyma. In the next section, experimental steps are described to
produce the dynamic phantom for dynamic imaging through the
different medical imaging modalities.

2. Materials and methods

The presented multimodal liver phantom contains three compo-
nents: the largest part of phantom corresponding to the liver tissue
(parenchyma), the second part refers to the flow part (representing
blood vessels) and the third part refers to HCC samples.

The location of the second part of the phantom is intra-parenchyma
(from superior to inferior surfaces of the phantom). The input unit enters
the phantom from the superior surface of the liver phantom while the
output unit exits from the inferior surface of the liver phantom. All the
parts are connected to each other to form one unit.

The blood vessels in the phantom consist of two parts: the input unit
and output unit. The input part is directly connected to the automatic
injector while the output unit is directly connected to the suction device.
Both the input and output units are connected to each other through a
cylindrical medium that have different sizes and they contain HCC
samples. Each of these cylinders contain a certain size of HCC, which is

different than that found in other cylinders.

The flow of contrast agent (CA) into the mold is created by attaching
the automatic injector to the input unit using a medical connecting tube.
After injecting the CA into the cylinder, it interacts with the pathological
sample (HCC), after which the CA will be sucked out from the phantom
by a suction device connected directly to the output unit. The flow rate
and the suction power were determined by setting the automatic injector
at 2 mL/s using the power Injector (Spectris Solaris EP MR, MEDRAD®)
and the suction device by setting it to the suction power 26 L/min using
suction pump model F-18 (Fazzini Italy Code: F-18/2.00).

2.1. Liver mold

Because the phantom shape is important for diagnostic purposes, the
commercial PVC liver mold of size 23 x 18 x 13 cm and weight 0.62 kg
was used. The anterior surface consists of two lobes partially separated
between them. The second surface representing the posterior liver sur-
face displays the quadrate, caudate and gallbladder depressions. Both of
the molds were formed using polyvinyl chloride (PVC) (Fig. 1).

2.2. Liver parenchyma and HCC samples

Different materials were used to fabricate the liver parenchyma and
HCC. The parenchyma material consisted of 2.5 wt % of agarose powder
(Hefei TNJ Chemical Industry Co.,Ltd.) as gelling agent; 2.6 wt % wax
powder (Hefei TNJ Chemical Industry Co.,Ltd.); 2.6 wt % etherified
hydroxyethyl cellulose (HEC) (Shin-Etsu Tylose R HS 100,000 YP2);
0.2 wt % benzalkonium chloride (BZK) (StepanguatR 50 NF) as anti-
bacterial agent; 3.2 wt % propanediol (Dupont Zemea®) as a solvent;
and the remaining component is water as volume spreader. The HCC
samples were fabricated using 95 wt% of polyurethane and 5.0 wt%
glycerol. Table 1 provides a summary for the material components used
in the fabrication of the liver parenchyma and the HCC samples.

The liver parenchyma was prepared in three steps. The first step in
the preparation of the liver parenchyma was through dissolving 2.6 g of
HEC and 3.2 mL of propanediol in 100 mL of water. The solution was
heated to 140°C and stirred using a hot plate magnetic stirrer with
magnetic steering at a maximum speed of 250 rotations/minute. The
solution was allowed to cool below 100 °C before adding 0.2 mL BZK
using a dropper. The solution was continuously stirred to prevent
gravitational sedimentation of the HEC particles. Because of the

Table 1
Material components with the concentration of each material per weight used in
preparing the liver parenchyma.

Agarose powder 2.5wt % HCC

Wax powder 2.6 wt %

Hydroxyethylcellulose 2.6 wt %

Benzalkonium Chloride 0.2wt % 95 wt% polyurethane -+5 wt% glycerol

Propanediol 3.2wt %
Water wt %
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Fig. 2. Preparation steps of liver parenchyma made of agarose-
wax mixture; (a): HEC powder and propanediol in 100 mL of
water in the first beaker, heated to 140°C; (b): The solution
allowed to cool to 100°C; (c): BZK added using a dropper; (d):
Paraffin wax powder in 50 mL of water in a second beaker, heated
to 90 °C; I: cool first solution to 90 °C, add the wax solution; (f):
agarose powder in 50 mL of water in a third beaker, heated to 50-
60 °C; (g): second solution cooled to 60 °C and agarose solution
added.

different melting points of agarose and HEC solution, the two solutions
were prepared in separate glass beakers. The temperature was moni-
tored using a digital thermometer (HI 98,501 Checktemp®). In the
second step for agarose preparation, 2.5 g of agarose was dissolved in
50 mL of water. The water was placed in a flask on a magnetic stirrer and
the agarose powder slowly added to the water while the solution was on
the magnetic stirrer at a temperature of 50—60 °C. This was done to
prevent agarose agglomeration.

The third stage was prepared by dissolving 2.6 g of paraffin wax
powder in 50 mL of water. The solution was heated to 80—90 °C and
continuously stirred to prevent gravitational sedimentation of the wax
powder particles. Because of the different melting points of agarose and
wax solution, the two solutions were prepared in separate glass beakers.
Each beaker was heated at different temperatures until the agarose and
wax had dissolved in solution. The agarose melting point reached
40—60 °C, whilst the wax dissolved at 40—90 °C.

The temperature was monitored using a digital thermometer. After
the HEC mixture was cooled to a temperature of 90 °C, the wax solution
was added while the solution was continuously stirred to prevent sedi-
mentation of the HEC. The resultant solution was then allowed to cool
below 60 °C before adding agarose solution while the solution was
continuously stirred. Fig. 2 shows all of the preparation processes of the
agarose-wax mixture.

In the three steps, the weight of the beakers were recorded before
and after filling with the contents, so the content weight could be
calculated. The mixture was shaken using a hot plate magnetic stirrer
with magnetic stirring at maximum speed. Thus, the powder and any
aggregates were broken up. The mixture remained in this situation for

30 min. The gel was created with clear and homogeneous components.
After completing this step, the beaker was weighed again to calculate the
loss of components in the processing steps. Any loss in weight was
replaced with deionized water, and this addition was to ensure the so-
lution consists of accurate material concentrations.

The solution was finally transferred and poured out into the liver
mold and the resultant phantom kept for 12—24 hours at room tem-
perature. The parenchyma can be stored at room temperature without
cover but not for long. It can be stored for 7-10 days only. However,
when using a container, it can be stored for 3-4 weeks. The phantom was
covered well, using the same liver mold.

2.3. Flow mold (Blood vessels)

The flow mold consists of three parts as shown in Fig. 3. Because the
study focused on the application of the dynamic phantom of HCC sam-
ples, the flow mold were conductive tubes - made of PVC - between the
input part and the output part passing through the HCC samples which
was inserted within the three cylinders. For this reason, the study did not
focus on simulating the shape or size of blood vessels entering and
leaving the liver -hepatic artery, hepatic vein and portal vein-, as much
as the focus was on the function of these vessels, which is as a transport
medium for materials entering and leaving the liver.

2.3.1. Input part

The input part inside the phantom are three tubes made of similar
materials to that used for the suction catheter. They are combined with
each other in one syringe. Each tube is made of non-toxic PVC material,
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Fig. 3. The flow mold parts in the phantom; (a): the input part which is connected to the injector device; (b): the component which contains the cylindrical medium;

and (c): the output part which is connected to the suction device.

10 cm in length and 14 F G in size, outer diameter of 2.0 4+ 0.05 mm, and
thickness > 0.4 mm. The large syringe was made of PVC material, and it
has three holes in its head, thus, the three tubes entering the phantom
can connect to it. Fig. 4 shows the construction of the input section.

2.3.2. Internal part (Cylindrical medium)

The second part of the flow phantom is the medium that connects the
input tubes and the output tubes. This part is implanted into the phan-
tom, and is made of three different sizes of acrylic cylinders; the first and
second cylinders have a length of 7.5 cm and 9.6 mm in diameter; while
the third cylinder has a length of 8.7 cm and diameter of 12.4 mm.

The upper part of the three cylinders consists of a small tip, thus the
input tube can connect directly to it. The lower part of these cylinders is
located outside of the phantom. It is used as an outlet and connected to
the output tubes which are connected directly into the suction device.
The cylindrical medium is shown in Fig. 5. Because the output orifices
are placed out of the phantom, the different samples can be placed in the
cylinders without affecting the internal components of the phantom.
Therefore, the HCC sample with different sizes can be checked easily.

2.3.3. Output part

The outer part of the phantom consisted of three tubes which are
similar to those of the three input tubes with the same diameter. The tip
of each tube consists of a rubber closure implanted inside the cylinder to
prevent fluid leakage inside the cylinder. This rubber closure can easily
move inside the cylinder. The three tubes are connected to each other to
form a single tube. Thus, it can be directly connected to the same suction
tube (see Fig. 3).

2.4. Tumors

The phantom was integrated with different sizes of pathologic
models, representative of HCC. These pathologies were placed in the
cylinders inside the phantom. The location of the three lesions was near
to the cylindrical tips which are connected directly to the input tubes.
Therefore, when the CA is injected, the samples interact directly with
this material.

2.4.1. Hepatocellular carcinoma

The HCC samples with different sizes; sample 1 (2 cm), sample 2
(1 cm) and sample 3 (0.5 cm) were used in this study. The basic material
for HCC was made from 95 wt% polyurethane foam combined with 5 wt
% glycerol (0.5 g glycerol /10 g of polyurethane). Because the samples
were made of sponge polyurethane, the sample size was controlled by
moving the rubber closure inside the cylinder to match the size of each
sample.

2.5. Phantom assembly

The final structural design is shown in Fig. 3. The figure also shows
the tube connections with the phantom. The parenchyma material was
poured into the liver mold. The mixture was gently poured into the
phantom to prevent air bubbles during the phantom preparation, with a
spatula used to gently move the air bubbles towards the phantom
container walls. The final phantom was assembled over 24 h.

Once cured, the phantom was placed and cooled at room tempera-
ture. Cooling steps are very important to make sure the mixture stays
homogeneous without any cracks inside the phantom. To remove the
phantom from the mold, the mold was divided and separated into

Fig. 4. The construction of the input part; three tubes connect to the large syringe.
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Fig. 5. Cylindrical medium; (a): the near end of the input part; (b): the near end of the output part.

several parts. A spoon was used to remove the adhesion between the
phantom and the mold wall.

2.6. Multimodal techniques

The phantom was applied under different imaging modalities
(multimodal) including MRI, CT, and ultrasound techniques.

2.6.1. MRI

MR imaging was performed using a 1.5-T scanner (MAGNETOM
Avanto, Siemens Healthcare, Erlangen, Germany) with a 48-radiofre-
quency channel system, which provides a maximum gradient strength
of 45m T/m and a peak slew rate of 200 m T/m/msec. 72 images were
recorded, each with 512 x 512 pixels. The field of view (FOV) read was
380 mm, FOV phase was 81.3 %, and the slice thickness was 3.0 mm.

The phantom underwent unenhanced imaging using both T2-
weighted Half-Fourier Acquisition Single-shot Turbo Spin Echo
(HASTE) and T1-weighted Volumetric Interpolated Breath-hold Exami-
nation (VIBE), and then the Dotarem contrast media was administrated
with a dose of 0.025 mmol per kilogram of phantom weight at a rate of
2mL/sec through the input syringe. The Dotarem concentration was
determined by dissolving 25 mL of Dotarem in 1000 mL of normal saline
solution. Contrast medium administration was followed by a 20-mL
saline flush at a rate of 2mL/sec. T1-weighted three dimensional
spoiled -VIBE- Dixon images were obtained at 25, 70, and 180 s after
contrast medium injection, during the arterial, venous, and delayed
phases, respectively.

2.6.2. CT
CT of the phantom was obtained with a 64 channel multi-detector
row CT system (Brilliance iCT 64, Philips, Best, The Netherlands). The

Fig. 6. The appearance of the phantom after removing the mold.

protocol with 512*512 pixels was acquired. The image resolution was
0.5*0.5 mm, slice thickness was 0.6 mm, and the slice gaping between
slices was 0.4 mm. A non-ionic CA telebrix, with flow rate 2 mL/sec, at a
dose of 1.5 mL/kg (phantom weight) was used to obtain the dynamic
enhancement scan for the phantom. The arterial phase image was ob-
tained after 22 s from CA administration, venous phase after 50 s from
the injection of the CA, and the delay (equilibrium) phase was obtained
at 180 s after injection of the CA.

2.6.3. Ultrasound

Ultrasound images were gained using an Ultrasonix MDP scanner
(Analogic Ultrasound, Canada). The images were recorded with atten-
uation at 3 MHz of 1 dB/cm/MHz, whereas at 5 MHz it was 2 dB/cm/
MHz. Ultrasound images were taken by a radiologist with 8-year expe-
rience. The difference between HCC samples and liver parenchyma was
decided by the radiologist.

3. Results

After the fabrication of the phantom was completed, the phantom
mold was removed and the phantom appears as in Fig. 6. The figure
shows the phantom after removing the mold from the phantom. Table 2
shows the characteristic proportions of the phantom.

The phantom was scanned under multimodal imaging using MRI, CT,
and ultrasound. For assessment of the image quality, the differentiation
between pathologies and normal liver parenchyma was approached.

3.1. MRI

Three readings were taken to determine the T1 and T2 signal in-
tensities for liver parenchyma. The distribution of the three readings
included most of the parenchyma to check for phantom homogeneity.
Fig. 7 shows the reading locations inside the phantom. The average
signal intensity of the three readings was calculated for the T1 image,
which was 209, while it was estimated to be 360 in the T2 image.

The CA was applied to the different size HCC samples. Fig. 8 shows
the result of CA enhancement through the HCC samples during MRI. It is
observed that the samples of the first and second HCC samples were
shown as hypointense (Fig. 8a) in the pre-phase before the CA was
administrated. In the late arterial phase, the samples show hyper-
intensity (Fig. 8b). Following that the two samples appeared less bril-
liantly in the porto-venous phase (partially washed) (Fig. 8c) and finally
the two samples appeared in hypointense in the delay phase as complete

Table 2

Characteristic proportions of the liver phantom.
Weight (gram) 1450
Volume (mL) 1198
Length (cm) 23
Width (cm) 18
Height (cm) 13
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Fig. 7. T1 image of the phantom showing the axial cross section of the three cylindrical components where the tumor samples are located. Read 1, 2 and 3 represent
the locations in the phantom where the T1 and T2 signal intensities were taken for the liver parenchyma.

MRI Diagr

abs
t1 vibe dixon tra_pd bh

Fig. 8. T1-weighted -VIBE- Dixon images; (a): pre-contrast imaging; (b): arterial phase after 25s (tumor is clearly bright); (c): venous phase after 70's (tumor is
slightly bright); and (d): delayed phase after 180 s (tumor clearly washout).
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Fig. 9. CT imaging of gelatin-agar phantom; (a): axial cross section of the three cylindrical components containing the tumor samples; (b): coronal cross section of
the phantom showing one sample inside the cylinder.

Fig. 10. CT axial images; (a): pre-contrast image; (b): arterial phase after 22 s (tumor is clearly bright); (c): venous phase after 50 s (tumor is slightly bright); and (d):
delayed phase after 180 s (tumor clearly washed out).

Thyroid

Fig. 11. Ultrasound images; (a): HCC appears hypoechoic compared with normal liver representing in red color dots; (b): color Doppler ultrasound of vessels with
circulating fluid inside the sample (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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washout (Fig. 8d). In all phases, the third sample (0.5 cm) does not
appear.

3.2. CT

Fig. 9 shows the axial cross section (Fig. 9a) and the coronal section
(Fig. 9b) of the phantom. In the figure the liver parenchyma tissue is
clearly evident with a homogeneous texture. The Hounsfield unit (HU)
for the parenchyma is distributed between 0-30 HU. The tumor models
appeared with a heterogeneous texture. The pink color in Fig. 9b
appeared after the coronal reconstruction of the images, and does not
indicate any basic information that serves us in this regard.

After Telebrix 30 Meglumine (300 mg I/mL) injection in the phan-
tom, the HU for the HCC appeared between 80 to 90 HU in the arterial
phase 22 s after injection, 40-50 HU in the venous phase 50 s after in-
jection, and 20-30 HU for the equilibrium phase 180 s after injection.
Fig. 10 shows the result of contrast media enhancement through the
sample in CT.

3.3. Ultrasound

Glycerol was added to both experiments to increase the contrast
difference between HCC samples and liver parenchyma as seen in
Fig. 11.In Fig. 11(a), the red dots in the image appear as the distribution
of the HCC sample. The red color was used only to distinguish the HCC
sample from the liver parenchyma. In Fig. 11(b), an orange color ap-
pears during the application of doppler-ultrasound on the HCC sample.

4. Discussion

The liver phantom was established successfully based on typical
patterns of HCC. The project was motivated by the fact that there is no
phantom described in the literature as far as we know which simulates
the typical pattern of HCC. Where the typical pattern of HCC appears in
its hyper arterial enhancement and delayed washout, washout in the
portal venous phase is typically with malignant lesions of size greater
than 2 cm, and this is what the previous studies showed [37-39].

This work was evaluated by a radiologist with eight years experi-
ence, through comparing the phantom results with real patient images.
The results show that the parenchyma liver and HCC were well
mimicked.

Referring to the actual liver weight, the study by Abogresha et.al
[40] shows that the liver weight ranges between 1.2-1.6 kg. The results
shown by the current study are consistent with this.

The signal intensity of T1 and T2 varies from device to device and
from one sequence to another. The results of previous studies clearly
show this difference [34,41-43]. In these studies, the signal intensity of
T1 for liver ranged from 200 to 720 while signal intensity of T2 ranges
between 40—80. Accordingly, the current results show that the signal
intensity of T1 is an acceptable value when compared with previous
studies, but for signal intensity of T2 there appeared to be a great dif-
ference between them, which is due to the percentage of water in the
phantom.

In MRI, the first sample (HCC with size of 2cm) and the second
sample (HCC with size of 1 cm), appeared clearly in the resultant image
after CA was applied, while the third sample (HCC with size of 0.5 cm),
did not appear in any of the four phases. This result supports previous
studies which highlighted the difficulty of detecting HCC in its early
stages [15], because of their small size. The real reason this sample did
not appear in MRI imaging is because of the use of the body coil which is
designed to detect large organs such as the abdomen and spine within
the human body. The organs in the abdomen for example help the device
to determine the appropriate value of radiofrequency to be used to
receive the signal intensity from the organs inside the body. However,
because the manufactured phantom is not placed alongside other or-
gans, the radiofrequency sent from the device will not be accurate as it

European Journal of Radiology Open 7 (2020) 100257

happens inside the human body. Therefore, some of the fine details in
the image are missed like the small sized HCC samples.

In CT, previous studies show that the HU of the liver parenchyma is
estimated to range between 40-50, while for HCC it appears to be in the
range from 30 to 50 [44]. In the arterial stage, the HU value increases to
90 in HCC samples, and it returns to 60 in the venous phase, and finally
reaches 40 in the equilibrium phase. The results of the current study
corroborate what was obtained in the previous study, and accordingly it
can be said that the manufactured phantom has succeeded in simulating
the typical pattern of HCC under CT imaging.

To the best of our knowledge there are no commercial phantoms that
mimic the flow part of HCC simulation such as the current liver phan-
tom. However, the current phantom does not quite mimic blood vessels.
They have been replaced with cylinders to allow for flow function. The
major restrictions of the IOUSFAN® phantom are that they do not
actually mimic tissue, do not simulate blood vessels, are rather expen-
sive, and are also not a multimodal phantom. Widmann et al. have
succeeded in developing phantoms by simulating realistic tumor shapes
with the presence of blood vessel structures. However, they succeeded in
designing a flexible phantom to evaluate only the CT system.

Multimodal liver phantoms were applied in a number of different
previous studies [24,27,33,45]. Among these studies, only two phan-
toms presented by Rethy et al. [31] and Chmarra et al. [24] allow the
combination of CT, ultrasound, and MRI modalities. Bazrafshan et al.
[46] also prepared a liver-mimicking MRI gel phantom. They presented
a phantom for temperature mapping for thermal tumor ablation,
including radiofrequency ablation and laser induced interstitial ther-
motherapy. However, none of phantoms mentioned above provide HCC
mimicry with blood flow functionality.

The major goal of the current study is to fabricate a liver phantom
with HCC which fulfils various requirements in the same phantom; flow
(functionality); multimodality; easy and standardized fabrication; and
cheap. The current methodology can be applied to other large organs in
the body such as the lung for bronchogenic carcinoma, stomach for the
adenocarcinomas, and brain for different tumors like glioblastoma
multiforme.

One of the limitations of the present study is the difficulty of repre-
senting breathing movements that affect real human liver under the
components of the dynamic phantom. In addition, it is difficult to
simulate the actual blood vessels of the liver in terms of shape and size,
because the aim of the study revolves around the establishment of a
dynamic phantom of HCC, and the blood vessels need special properties
to use in the flow phantom [47-49]. In the future, there is a need to
conduct studies to search for the properties of the current phantom, such
as chemical, mechanical and electrical properties.

5. Conclusion

The method for producing HCC liver phantom has been established
based on a typical HCC pattern including flow functionality. Multimodal
phantom imaging has been applied. The phantom is adequate for diag-
nostic practice procedures and was prepared for technological system
purposes. Even though the phantom simulated the blood vessels, it was
unable to represent the small capillaries. Additional research is required
to mimic a smaller size HCC with a flow system.
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